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Introduction
The cyclohepta [de] naphthalenes comprise a class of seven membered ring compounds that has received significant attention for decades. Much of the early work centered around the pleiadienes and acepleiadylenes and stemmed from interest in their electronic structure. More recently, several rearranged abietanes containing the cyclophepta[de]naphthalene nucleus, including microstegiol (1), 1 oxomicrostegiol (2), 2 salvibretol (3), 1c and oxosalvibretol (4), 1c,1m have been isolated from roots of a number of plants of the genus Salvia. These plants have often seen use as folk remedies, and their crude extracts have demonstrated antibacterial, anticancer, and insect antifeedant activities. 1h,1k,3 Microstegiol itself has been demonstrated to have antileukemic activity and modest antibacterial activity. 1a,1k,1m,1n O HO X 1 microstegiol, X = H 2 2 oxomicrostegiol, X = O OH O X 3 salvibretol, X = H 2 4 oxosalvibretol, X = O Despite the recent upsurge in interest in the natural product literature, none of the rearranged abietanes 1-4 have been the subject of synthetic activity. The carbon framework of the cyclohepta[de]naphthalenes themselves have normally been prepared by sequential Friedel-Crafts acylations of succinic anhydride or some variation of that approach, 4 although scattered reports of access to this ring system by 2+2 cycloaddition/ring expansion reactions of cyclopenta [de] naphthalenes, electron withdrawing group (7b, 76%), an alkyl group (7c, 84%) or a silyl group (7d, 97%). Substitution at the propargylic site by a methyl group (6e) still allowed C-1 substitution to occur (7e, 66%), but phenyl substitution at the propargyl site (6f) resulted in condensation to give C-3 substitution product (8f, 51%) as the sole isolable one. Use of 2,7-dibenzyloxysubstituted 5b gave an analogous reaction with ester substituted complex 6b, with the exception of giving a small amount of 1, 8-dicondensation product 9g (13%) in addition to the C-1 monocondensation product 7g (71%). Dicondensation. Increasing the amount of propargyl alcohol/ether-Co 2 (CO) 6 complex 6a-e to slightly over two equivalents enabled, in most cases, ready conversion of 2,7-dimethoxynaphthalene (5a) to disubstituted products (9-10) ( Table 2 ). In these cases, a competition existed between the formation of 1,8-disubstitution products (9) and 1,6-disubtitution products (10) , which depended upon the structure of the Nicholas reaction precursor complex 6. In the case of unsubstituted 6a, 1,8-disubstitution predominated, although not to the exclusion of 1,6-disubstitution (9a, 63%, 10a, 9%). This tendency toward 1,8-disubstitution was increased in the case of remote electron withdrawing group substituted 6b, as 9b (86%) was formed to the exclusion of any 1,6-disubstitution product. Conversely, substitution at the remote end of the alkyne complex with either methyl (6c) or trimethylsilyl (6d) groups resulted in the second substitution occurring at C-6, giving 1,6-disubstitution products 10c (86%) and 10d (40%);
in the case of 6d, the second substitution was incomplete, despite allowing the reaction to warm to rt, and a significant amount of 7d (59%) was also isolated. In addition, two of the monocondensation products were taken and subjected to a second Nicholas reaction (Scheme 1). C-1 substitution product 7a was subjected to BF 3 -OEt 2 mediated reaction with butyn-2-ol complex 6e, giving 10e in 72% yield. C-3 substituted 8f, under analogous conditions with unsubstituted 6a, afforded 10f (50% yield). SCHEME 1. Mixed dicondensation products. The pattern of Nicholas reaction reactivity of 2,7-dimethoxynaphthalene is therefore relatively consistent. Propargyldicobalt cations which are unsubstituted or substituted with electron withdrawing groups undergo C-1 monosubstitution and C-1, C-8 disubstitution. If the cation possesses an alkynyl substitutent that is not electron withdrawing, monosubstitution is at C-1, while the second substitution occurs at C-6. Substitution of 5 with groups at the propargylic site allow C-1 monosubstitution if the group is of moderate size, while a group of sufficient size at this site ultimately forces the initial Nicholas reaction to occur at C-3. The dichotomy in disubstitution is reminiscent of that of dinitration and chlorination (1,8-) versus dibromination (1,6-) of 2,7-dimethoxynaphthalene, 17 including the element of the most electrophilic reagents being directed toward the 1,8-positions. Using this dipropargylation-RCM approach to cycloheptanaphthalenes, however, afforded only limited possibilities for creating unsymmetrical substitution patterns regioselectively on both the naphthalene and cycloheptene portions of 13, due to the incompatibility of propargyl substitution in 6 with 1,8-disubstitution on 5. Consequently, the applicability of monocondensation product 7b toward cyclohepta[de]naphthalene construction was explored (Scheme 3). Decomplexation of the organic unit from the Co 2 (CO) 6 residue of 7b was readily accomplished by treatment of iodine in THF, giving 14 in excellent yield (98%). While hydrogenation of 14 over Pd/C was sluggish, reduction of the triple bond to the alkanoate (15) was straightforward in the presence of H 2 and Rh/C (99% yield). Addition of excess MeLi (7 equiv) to 15 resulted in attack on the ester function to give tertiary alcohol 16 in high yield (90% yield) provided a significant excess of MeLi was employed; more modest excesses (i.e., 3 equiv) resulted in noticeable amounts of ketone 17 being isolated in addition to 16. As all the naturally occurring cyclohepta[de]napthalenes exist as dehydrotetralones, and since the matter of selective deprotection of the methoxy groups of 18 is non trivial, related approaches to these ring systems were made on phenolic acetate 20. 20 The Nicholas reaction of 20 with 6b in the presence of BF 3 -OEt 2 occurred somewhat sluggishly (relative to 2,7-dimethoxybenzene), but ultimately afforded the product of γ -carbonyl cation substitution ortho-to the methoxy function (21) In contrast to 25, PM5 and DFT (B88-PW91 functional, dzvp basis set) calculations suggest that without the ketone function in the cycloheptane unit, the 1-hydroxycyclohepta[de]naphthalenecyclohepta[de]naphthalen-1(7H)-one equilibrium strongly favors the latter tautomer. As a result, 23 was subjected to reaction with excess MeLi, to give tertiary alcohol 26 (70% yield) (Scheme 5). Subsequent addition of one drop of H 2 SO 4 to a CH 2 Cl 2 solution of this phenol at 0 o C induced rapid closure of the seven membered ring, producing 27 (70% yield) exclusively as its keto tautomer. This angle straindirected tautmerization demonstrates the viability of the approach for preparing the rearranged abietane framework of microstegiol. The incorporation of an α -hydroxy function relative to the ketone was briefly explored (eq 1).
Exposure of a solution of 37 in DMF to NaH in air 24 gave resulted in the disappearance of 37 and the formation of 2 compounds; α -hydroxy ketone 38 (42%), and the relatively unstable α -hydroxylated epoxide 39 (31%). 
37
(1) +
In summary, a systematic study of the applicability of Nicholas reaction based γ -carbonyl cation chemistry on 2,7-dioxygenated naphthalenes has demonstrated a preference for C-1 over C-3 monosubstitution in all but the most sterically hindered cases, and with a preference for C-1/C-6 disubstitution, except in the least sterically hindered or most electron deficient cases. While the 1,8dipropargylated case may be converted to cyclohepta[de]naphthalenes by way of RCM, the C-1 γcarbonyl cation adducts may be converted to the cyclohepta[de]naphthalenes by a cyclization based on Friedel-Crafts acylation or alkylation; in the latter case this allows tautomerization of the naphthol to cyclohepta[de]naphthalen-1-one. Replacement of the C-2 oxygen function of the naphthalene by a methyl group after Nicholas reaction allows formation of the framework of microstegiol, including the α -hydroxy function. Future work will be targeted towards an early introduction of an isopropyl function, and ultimately the synthesis of microstegiol itself.
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Experimental Section.
The General Experimental Methods follow a previous report from our laboratory. 12a 13 C NMR 199.9, 158.4, 154.7, 133.9, 130.2, 128.6, 124.6, 120.1, 116.1, 109.7, 101.6, 96.1, 73.5, 55.4, 55.1, 29.5 Subjecting 5a (0.210 g, 1.12 mmol), 6a (0.508 g, 1.23 mmol) and BF 3 -OEt 2 (425 µL, 3.35 mmol) to Method 1 gave product 7b (0.560 g, , 88% yield) following flash chromatography (5:1 petroleum ether: 6, 158.7, 154.8, 134.0, 130.3, 128.7, 124.8, 120.0, 115.8, 110.6, 109.8, 102.5, 79.3, 55.3, 55.2, 30.6, 0.3 NMR 198.3, 170.5, 157.7, 154.1, 137.0, 134.0, 130.2, 128.8, 128.5, 127.9, 127.6, 127.4, 124.8, 120.0, 116.5, 111.5, 103.1, 99.0, 79.6, 70.7, 69.6, 52.4, 29.5 NMR 198.2, 170.4, 155.6, 137.0, 132.2, 130.8, 128.5, 127.9, 127.2, 126.8, 121.4, 112. minor), 6.09 (s, 1H, both), 5.65 (q, J = 7.5, 1H, minor), 5.04 (q, J = 6.9, 1H, major), 3.99 (s, 3H, minor), 3.97 (s, 3H, major), 3.96 (s, 3H, minor), 3.93 (s, 3H, major), 1.89 (d, J = 6.9, 3H, major), 1.88 (d, J = 7.5, 3H, minor); 13 C NMR 200.3, 199.9, 158.7, 157.1, 156.3, 154.1, 133.5, 133.3, 130.6, 130.4, 128.9, 128.8, 125.4, 124.9, 124.7, 124.4, 116.1, 115.5, 111.0, 110.3, 104.6, 102.4, 101.8, 101.0, 74.1, 72.6, 56.1, 55.3, 55.2, 55.0, 37.7, 35.3, 22.4, 21.5 3H ); 13 C NMR 199.5, 158.1, 155.5, 144.2, 134.9, 131.4, 129.1, 128.4, 127.9, 126.9, 123.8, 116.2, 105.0, 104.8, 100.5, 74.1, 55.4, 55.2, 48.7 NMR 199.6, 156.1, 131.9, 130.7, 126.5, 121.3, 110.1, 97.5, 73.8, 55.9, 30.6 ); 13 C 199.8, 156.5, 154.4, 133.2, 130.4, 128.2, 127.8, 124.4, 120.0, 110.0, 100.9, 97.9, 96.1, 73.8, 73.4, 55.5, 54.7, 39.3 , 29.7 6, 154.9, 133.4, 131.1, 128.3, 127.6, 124.5, 119.9, 112.7, 110.6, 110.0, 100.7, 79.4,79.2, 55.3, 54.6, 34.9, 30.7, 0.5, 0.4 (s, 3H); 13 C NMR 199.4, 155.7, 154.5, 144.0, 132.8, 131.4, 128.9, 128.6, 128.4, 126.9, 124.2, 119.8, 110.0, 101.1, 100.4, 96.0, 74.0, 73.5, 55.4, 55.2, 48.5, 29.6 13 C NMR 156.7, 133.5, 130.1, 126.2, 117.3, 111.0, 84.7, 69.1, 56.9, 17.3 13 C NMR 155.7, 139.0, 134.9, 129.4, 126.3, 120.4, 114.5, 111.0, 56.8, 30.9 6H) ; 13 C NMR 154.0, 134.8, 130.9, 128.3, 126.8, 120.2, 112.0, 57.3, 24. 13 C NMR 158.4, 154.6, 154.0, 133.7, 129.9, 128.9, 124.3, 116.1, 113.6, 110.1, 101.2, 87.7, 71.9, 56.1, 55.0, 52.2, 14.5 C NMR 174.1, 158.2, 155.0, 134.3, 129.9, 127.4, 124.7, 121.4, 115.7, 110.5, 101.9, 56.1, 55.1, 51.2, 33.5, 24.4, 24.2 13 C NMR 158.0, 154.8, 134.1, 130.0, 127.1, 124.8, 122.6, 115.5, 110.8, 102.0, 70.9, 56.3, 55.1, 43.8, 29.1, 25.4, 24.4 (m, 2H), 1.52 (s, 6H); 13 C NMR 158.8, 154.5, 137.6, 131.7, 127.3, 126.9, 125.4, 122.9, 112.1, 111.6, 57.4, 56.0, 41.1, 39.4, 25.5, 22. 1, 155.0, 134.2, 131.8, 130.0, 127.2, 124.8, 124.6, 122.7, 115.7, 110.9, 102.0, 56.5, 55.2, 28.2, 25.7, 25.5, 17.6 ; HRMS m/e for C 18 Hexacarbonyl[µ-η 4 4-(7-acetoxy-2-methoxy-1-(3-carbomethoxyprop-2-ynyl) 198.3, 170.7, 169.6, 155.0, 149.5, 133.4, 130.0, 129.0, 127.0, 120.2, 118.8, 114.3, 112.0, 98.7, 94.1, 55.4, 52.7, 28.4, 21 3.70 (s, 3H), 2.38 (s, 3H); 13 C NMR 169.4, 154.7, 154.0, 149.5, 133.1, 129.9, 129.2, 126.9, 118.8, 114.8, 113.7, 112.7, 87.4, 72.0, 56.3, 52 2.42 (t, J = 7.5, 2H), 2.37 (s, 3H), 1.98 (m, 2H); 13 C NMR 173.9, 169.5, 154.9, 149.1, 133.6, 129.9, 127.6, 127.1, 122.3, 118.4, 114.0, 112.7, 56.1, 51.2, 33.5, 24.7, 24.0, 21. 5, 156.0, 155.1, 134.8, 130.2, 127.7, 124.5, 120.7, 115.7, 110.3, 104.8, 55.8, 33.3, 24.8, 24.1 2.39 (m, 2H); 13 C NMR 207.4, 162.5, 157.3, 136.2, 135.7, 128.6, 123.2, 122.4, 116.5, 115.2, 110.3, 56.2, 42.3, 29.5, 25.4 6, 154.5, 134.4, 130.3, 127.3, 124.5, 122.1, 115.6, 110.7, 105.3, 72.0, 56.4, 43.5, 29.0, 25.4, 24. 13 C NMR 203.2, 157.7, 145.5, 140.8, 129.4, 127.9, 124.4, 123.5, 108.9, 58.3, 55.7, 43.2, 37.0, 27.5, 24.3, 21.5, 20.2 (dd, J = 9.0, 2.2, 1H), 5.19 (s, 2H), 2.36 (s, 3H); 13 C 169.5, 157.3, 149.0, 136.7, 135.0, 129.3, 129.1, 128.6, 128.0, 127.5, 127.0, 118.8, 118.7, 117.5, 107.1, 70.0, 21 (s, 2H), 4.68 (br s, 2H), 3.64 (s, 3H), 2.34 (s, 3H); 13 C 198.2, 170.5, 169.5, 154.2, 149.5, 136.8, 133.5, 130.1, 128.9, 128.6, 128.0, 127.34, 127.25, 121.0, 119.0, 114.6, 113.9, 98.3, 78.8, 70.9, 52.6, 28.9, 21. Acetoxy-2-benzyloxy-1-(3-carbomethoxyprop-2-ynyl) 13 C 169.5, 154.14, 154.09, 149.6, 136.8, 133.3, 130.1, 129.3, 128.6, 128.1, 127.3, 119.2, 116.0, 114.4, 114.1, 87.4, 72.3, 71.4, 52.4, 21.2, 15. 13 C 173.8, 169.5, 154.0, 149.0, 137.2, 133.6, 129.8, 128.4, 127.7, 127.5, 127.3, 127.0, 123.0, 118.6, 114.2, 114.1, 70.9, 51.2, 33.6, 24.7, 24.3, 21. 13 C 175.6, 170.0, 152.5, 149.0, 133.7, 130.0, 127.7, 127.1, 118.3, 118.2, 117.7, 113.7, 51.9, 32.6, 24.3, 23.8, 21 13 C 173.4, 169.4, 149.8, 145.5, 133.2, 130.7, 130.3, 129.8, 128.8, 122.2, 119.1, 118.5 (s, 3H), 1.96 (m, 2H); 13 C 173.8, 169.8, 148.6, 134.5, 133.9, 132.6, 130.6, 129.9, 129.0, 126.1, 119.7, 114.6, 51.5, 33.9, 28.0, 24.8, 21.2, 20. 13 C 174.4, 153.9, 133.6, 133.5, 133.1, 130.4, 127.9, 126.8, 126.1, 116.4, 105.9, 51.7, 33.9, 28.2, 24.5, 20 4, 133.7, 133.3, 132.4, 129.8, 126.8, 125.8, 125.5, 116.9, 105.1, 68.7, 44.0, 29.3, 28.8, 24.3, 19 13 C 203.6, 145.7, 138.9, 136.9, 128.9, 128.1, 126.6, 125.9, 58.2, 42.3, 37.4, 29.7, 26.8, 25.6, 24.9, 20.4, 19.9 6H) ; 13 C 205.6, 148.0, 143.5, 140.4, 138.8, 130.2, 128.8, 127.3, 123.1, 84.4, 42.4, 39.0, 27.9, 26.8, 23.2, 22.0, 21.5 13 C 212.1, 143.9, 139.3, 138.3, 130.2, 127.5, 127.2, 85.2, 59.5, 54.4, 43.7, 39.5 , 28.7, 27.8, 25.7, 23.4, 21.7 
7-

7-Acetoxy
